In response to previous commentaries, we report here that different CLAVATA3 (CLV3) peptides have strikingly different activities in immune response gene activation and root growth repression, which are mediated by the FLAGELLIN SENSING2 (FLS2) and CLAVATA2 (CLV2) receptors, respectively (Figures 1 and 2 ). FLS2-dependent immune response gene activation triggered by the modified (hydroxylated at Pro-4 and -7) 12-amino acid CLV3 peptide (MCLV3p) was consistently observed in six independent batches ( The Commentaries by Mueller et al. (2012) and Segonzac et al. (2012) challenge the results reported by Lee et al. (2011) , in which we proposed that in addition to its role in development, the signaling peptide CLV3p secreted from stem cells activates the Arabidopsis thaliana innate immune response in the shoot apical meristem (SAM) in a manner that is dependent on the flagellin receptor FLS2. The Mueller et al. (2012b) Commentary suggests that our results are most likely the consequence of flagellin-derived peptide flg22 contamination in our MCLV3p preparations. As discussed in more detail below, new data, which demonstrate differential CLV3p-FLS2 and flg22-FLS2 responses under different experimental conditions, make it unlikely that flg22 contamination is responsible for the FLS2-dependent responses we observe with CLV3p. It is likely that the significant experimental differences between our studies and the studies of Mueller et al. (2012b) and Segonzac et al. (2012) may account for the different results obtained in different laboratories.
In contrast with our work reported in Lee et al. (2011) , which used the 12-amino acid MCLV3p, in the Commentary by Segonzac et al. (2012) , a 13-amino acid CLV3p was tested. The 12-amino acid MCLV3p used in our experiments and an arabinosylated derivative of the 13-amino acid MCLV3p used by Segonzac et al. (2012) have been identified as endogenous CLV3 peptides by sensitive mass spectrometry methods (Kondo et al., 2006; Ohyama et al., 2009) . Importantly, the 13-amino acid nonarabinosylated CLV3p showed 10-fold weaker binding to the CLV1 receptor than the 12-amino acid nonarabinosylated MCLV3p (Ohyama et al., 2009 ). In our preparation to respond to the Segonzac et al. (2012) Commentary, we ordered new batches of the 12-amino acid CLV3p as well as the 13-amino acid CLV3p used by Segonzac et al. (2012) from the same commercial source as reported by Segonzac et al. (2012) . We then compared these two peptide preparations side by side in a variety of assays. The key result is that the 12-amino acid CLV3p but not the 13-amino acid CLV3p significantly activated immune response marker genes through FLS2 in seedlings (Figure 1 ). On the other hand, both the 12-amino acid and the 13-amino acid CLV3 peptides inhibited root growth mediated by the CLV2 receptor ( Figure 2 ) (Kondo et al., 2006; Miwa et al., 2008; Lee et al., 2011) . Strikingly, however, flg22 but not the 12-amino acid CLV3p triggered whole-seedling growth suppression in the clv2 mutant, suggesting differential flg22 and MCLV3p activities in different growth responses mediated by different receptors ( Figure 2B ) (Lee et al., 2011) . If MCLV3p activation of immune responses was due to flg22 contamination, MCLV3p should have suppressed whole-seedling growth similarly to flg22. Thus, the discrepancies between our results and the results reported by Segonzac et al. (2012) are most likely due to the simple fact that Segonzac et al. (2012) did not test the same CLV3 peptide that was used in our experiments.
In contrast with Segonzac et al. (2012) , Mueller et al. (2012b) tested the same MCLV3p peptide that was used in our Immune response marker genes, FRK1 (At2g19190) (A) and WRKY30 (At5g24110) (B), were activated by the 12-amino acid (aa) CLV3p but not the 13-amino acid CLV3p. Seven-day-old seedlings of Col-0 and the fls2 mutant grown in liquid culture were analyzed by qRT-PCR after treatment with 20 mM peptides for 1 h. The expression of each gene was normalized by ACT2 (At3g18780). Error bars indicate SD (n = 3).
experiments. What then accounts for the failure of Mueller et al. (2012b) to detect FLS2-dependent MCLV3p-mediated activation of defense response genes? One possibility is that Mueller et al. (2012b) used a different biological assay than the ones we used to monitor FLS2-mediated signaling. Using an FRK1-LUC reporter, Mueller et al. (2012b) observed extremely low and nonspecific MCLV3p activity, which led them to conclude that MCLV3p could not activate an immune response. The failure of Mueller et al. (2012b) to replicate our results primarily may be due to the fact that FRK1 is not a very sensitive reporter for FLS2-mediated early immune activation (Segonzac et al. [2012] observed only twofold FRK1 activation by flg22 in 1 h shown in their Figures 1C and 2B) . We think the best way to resolve the discrepancy between our data and the data of Mueller et al. (2012b) would be to order new batches of MCLV3p and then test them in both laboratories using the same assays that employ several sensitive immune response genes (Figures 1, 3 , and 5; see Supplemental Figures 1 to 3 online).
In their Commentary, Mueller et al. (2012b) share their experience with inadvertent cross-contamination in commercial peptide preparations and suggest sound experimental precautions in handling synthetic peptides. As clearly demonstrated by Mueller et al., (2012b) their unexpected experimental problem due to flg22-type peptide contamination was resolved after a second batch of INFLORESCENCE DE-FICIENT IN ABSCISSION-LIKE peptide had been ordered and tested, illustrating the importance of testing independently synthesized batches of synthetic peptides. For the following reasons, however, we think that it is highly unlikely that flg22 contamination of our MCLV3p preparations can explain the results reported by Lee et al. (2011) .
First, in accordance with the recommendations of Mueller et al. (2012) , in the course of our initial studies on CLV3p-FLS2 signaling spanning five years, and in the course of preparing this rebuttal, we ordered and tested four different batches of the 12-amino acid MCLV3p and two additional batches of Tyr-MCLV3p (adding Tyr in front of the first Arg of MCLV3p for 125 I-labeling) for FLS2 binding analyses from four different suppliers. All six of these independent batches of 12-amino acid MCLV3p and Tyr-MCLV3p preparations activated immune response marker genes in an FLS2-dependent manner (Figures 1,  3 , and 5; see Supplemental Figures 1 to 3 online) (Lee et al., 2011) . Unlike adding His at the C terminus in the 13-amino acid CVL3p, the additional Tyr at the N The second reason why we think that flg22 contamination is not the explanation for our results is that two MCLV3p preparations synthesized in house at the Massachusetts General Hospital (MGH) peptide core facility were subjected to HPLC purification and retested ( Figure 3A ). These MCLV3p preparations initially had not been HPLC purified because they were 93 to 97% pure, and the procedures used by the MGH core facility are designed to eliminate cross-contamination of peptides (Shimizu et al., 2000) . Importantly, these two MCVL3p preparations showed similar characteristic activities in immune response gene activation before and after HPLC purification ( Figure 3A ). In the more sensitive mesophyll protoplast assay, MCLV3p activated immune response marker genes at low concentrations (20 to 100 nM) as reported previously for the SAM tissues, consistent with the K d value of 34.7 nM for FLS2 binding ( Figure 3B ) (Lee et al., 2011) . Importantly, we previously reported that immune marker genes were expressed at lower levels in the SAM tissues of clv3 seedlings compared with those in the SAM tissues of Landsberg erecta (Ler) wild-type seedlings. Application of 10 to 60 nM MCLV3p restored immune gene expression in the SAM of clv3 seedlings (Lee et al., 2011) . Although HPLC sample loops and columns can be potential sources of contamination with other peptides, the retention time of flg22 on our reversephase HPLC is distinct from the retention time of MCLV3p. Moreover, the mass of flg22 was never detected in any of the MCLV3p samples (unpurified, purified, and side fractions) analyzed by mass spectrometry. We further developed a sensitive matrix-assisted laser desorption/ionizationtime-of-flight mass spectrometry (MALDI-TOF MS) method to show that the MCLV3p preparation used in these experiments is free of flg22 contamination at a 1:1000 ratio based on parallel analysis between MCLV3p alone and a mix of flg22 and MCLV3p ( Figure 4) .
The third reason we think that flg22 contamination is unlikely is because we have discovered in the course of preparing this rebuttal that MCLV3p and flg22 have very different pH optima. Because the positively charged N-terminal Arg and the C-terminal His-His residues are essential for the 12-amino acid MCLV3p activity (Kondo et al., 2006 (Kondo et al., , 2008 Betsuyaku et al., 2011; Lee et al., 2011) and for transgenic CLV3 complementation in clv3 (Song et al., 2012) , we hypothesized that CLV3p-FLS2 interactions may be pH dependent. Indeed, it has been reported that the processing of the CLV3 precursor proteins in vitro is pH dependent (Ni et al., 2011) . Interestingly, FLS2-dependent MCLV3p activity is most active at pH 5 to 6 but is abolished at pH 7.6. This reflects the physiological apoplastic environment where the pH is reported to be 5 to 6 (Bibikova et al., 1998) , whereas flg22 activates similar responses from pH 5.0 to 7.6 and peaks at pH 7.0 ( Figure 5 ; see Supplemental Figure 2 online). As a control, although 1 mM MCLV3p did not significantly activate immune response genes at pH 7, addition of 1 nM flg22 to 1 mM MCLV3p resulted in strong activation. This latter experiment supports the conclusion that the MCLV3p peptide preparation was not contaminated with flg22 and moreover shows that an excess Thus, carrying out experiments at relatively high pH (7 to 7.6) can be used to distinguish the activities of flg22 and MCLV3p. In summary, the observation that MCLV3p activated immune gene expression at low but not high pH suggests that the immune gene activation is not a consequence of flg22 contamination. Another argument used by Mueller et al. (2012b) to suggest that our results were a consequence of flg22 contamination is that they found that excess amounts of CLV3p do not compete with 125 I-Tyr-flg22 for binding to FLS2. It is important to note that the binding and competition assays performed by Lee et al. (2011) and by Mueller et al. (2012b) were performed under different experimental conditions. Lee et al. conducted binding and competition experiments using 125 I-Tyr-MCLV3p, not 125 I-Tyr-flg22, as was the case with Mueller et al. (2012) . Further molecular understanding will require biochemical, structural, and genetic mapping of the precise functional peptide-leucine-rich repeat interactions for each peptide ligand with FLS2 (Mueller et al., 2012a; Shinohara et al., 2012) .
In their Commentary, Segonzac et al. (2012) report that they were not able to observe the characteristically enlarged vegetative SAM and Pseudomonas syringae pv tomato (Pst) DC3000-GFP (for green fluorescent protein) infection in the clv3 seedlings (Medford et al., 1992; Bowman, 1993; Fiers et al., 2006; Kinoshita et al., 2010; Lee et al., 2011) and argue from first principles that it would not be possible for P. syringae to infect the SAM. However, Segonzac et al. (2012) used very different conditions for growing seedlings when they attempted to repeat our bacterial infection experiments. We tested the growth conditions described in their Commentary, which involve the use of 24-well plates, and found that the seedlings were stressed and exhibited delayed development compared with ours, which might explain the severely retarded shoot development in their CLV3p-treated seedlings and the relatively flat SAM they observed even in clv3 seedlings. Furthermore, our seedlings were grown in liquid medium at higher temperature (27˚C compared with 22˚C) and constant light (compared with 16-h light) during bacterial infection, which likely explains the more advanced SAM development in wild-type and clv3 seedlings that we observe (Medford et al., 1992; Bowman, 1993; Fiers et al., 2006; Kinoshita et al., 2010; Lee et al., 2011) but was not observed by Segonzac et al. (2012) .
In the preparation of this rebuttal, we repeated our infection experiments using many more seedlings (807 total) to ensure the reproducibility of our original observations (Lee et al., 2011) . As shown in Table 1 , Pst DC3000-GFP cells were consistently observed only in the SAM of clv3 and fls2 seedlings grown in liquid culture but not in those of Ler, clv1, and clv2. By staining the plant cell membrane with FM4-64 to mark plant cells on the epidermal cell layer and provide a red color contrast, green Pst DC3000-GFP images inside the SAM are clearly visible through optical sections using a confocal laser scanning spectral microscope (Leica TCS-NT confocal laser scanning spectrophotometer) (see Supplemental Figure 4 online). Unlike the stable transgenic line expressing a plasma membrane-localized dtTOMATO fusion used by Segonzac et al. (2012) , the red dye FM4-64 became defuse during the lengthy procedure to identify the infected SAM domes (see Methods). When stained only briefly with FM4-64, we observed clear cellular definition with no cell damages in our SAM samples. Because the Seedlings grown in liquid medium were cocultured with Pst DC3000-GFP as described in Methods. Available SAM, the number of intact SAM that were successfully analyzed by a confocal microscopy; infected SAM, the number of SAM with bacteria observed in or near the inner SAM region.
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The Plant Cell length of bacterial cells (;1.5 mm) is much shorter than the serial optical sections when we examined the SAM dome (scale bars are shown in all figures), by setting the starting focus point at the surface of the SAM defined by the FM4-64-stained epidermal cell layer, the Pst DC3000-GFP cells on the SAM surface or outside would disappear quickly after just a few micrometers scanning into the SAM through confocal optical sections (see Supplemental Figure  4 online). The method allowed us to confidently identify Pst DC3000-GFP cells inside the SAM even with relatively low cellular details. Quantification of infected Pst DC3000-GFP in the dissected SAM from 10 randomly pooled seedlings was determined by quantitative PCR using specific GFP primers ( Figure 6 ). As the SAM inner tissues are not fully accessible to confocal microscopy-based imagining, we developed a scanning electron microscopy method to generate cross sections of the SAM dome from 4 d after infection seedlings to directly visualize colonized Pst DC3000 cells (Plotnikova et al., 2000) . We observed clear bacterial colonization of cells very close to the SAM in clv3 but not Ler wild-type seedlings, in which we only observed invaded cells many cell layers away from the SAM. These data suggest that CLV3p-based immune protection in the wild-type SAM extends multiple cell layers below the SAM ( Figure  7 ; see Supplemental Figure 5 online). However, in cotyledons and leaves distant from the SAM, the virulent bacterial pathogen successfully colonized in both wildtype and clv3 seedlings (Lee et al., 2011) .
As Segonzac et al. (2012) report that they could not identify the SAM in their seedlings, we present an example of the seedling images showing the visible SAM in Ler and clv3 after removing the cotyledons and petioles using a pair of forceps and gently placing a cover glass on top of the seedling without damaging tissues (see Supplemental Figure 6 online). We also provide detailed methods for our bacterial infection experiments (see Methods). Although the experimental procedure is tedious and lengthy, with patience and practice, we were able to observe the SAM not masked by leaf primordia (see Supplemental Figure 6 online) in ;30 to 47% wild-type and mutant seedlings screened under a dissecting microscope. These seedlings with clearly visible SAM were then further examined for the presence of Pst DC300-GFP by optical sectioning using a confocal laser scanning spectral microscope (Table 1) .
Finally, a separate set of experiments were performed by Segonzac et al. (2012) , which showed that in vivo dexamethasone-induced expression of CLV3 in transgenic plants did not activate immune response genes. Based on these data, they argue that CLV3-derived peptides cannot activate immune responses in planta. However, it is possible that the whole seedlings analyzed by Segonzac et al. (2012) secrete only the 13-amino acid peptide as reported (Ohyama et al., 2009) , which, as we show in this rebuttal, is able to complement the CLV1/2-mediated developmental phenotype, but fails to activate immune response genes ( Figure 1 ). As the physiological conditions and sensitivity for MCLV3p and flg22 activation of immune response genes are different and MCLV3p-FLS2 and MCLV3p-CLV1/2 signaling pathways are distinct (Lee et al., 2011) , additional experiments will need to be conducted with the dexamethasone-inducible CLV3 lines, especially in the SAM. The biological relevance, if any, of our finding that the SAM of clv3 and fls2 mutants can be infected with P. syringae using liquidgrown Arabidopsis seedlings has not been definitively established. However, P. syringae tends to be seed borne and is dispersed via rain splash (Hirano and Upper, 1990) , and it is possible that young seedlings growing in rainwater could be potentially susceptible to bacterial infection through an unconventional entrance in the SAM, explaining the importance of CLV3-mediated activation of immunity. It is not surprising that P. syringae growth is slower in the SAM than in cotyledons and leaves, as different pathogens have presumably evolved and adapted to different organs or tissues as their preferred proliferation niche (Hirano and Upper, 1990; Alfano and Collmer, 1996; Blander and Sander, 2012; Medzhitov et al., 2012) . Our data suggest that the Arabidopsis SAM displays an FLS2-dependent innate immune response against P. syringae, which is only revealed in the clv3 and fls2 mutants under liquid growth conditions. As a critical reservoir of stem cells for organogenesis, the protection of SAM from infection and stress is critical to ensure plant survival and longevity, especially when the SAM is in vulnerable conditions or damaged. It will be interesting and important to further explore the molecular details of SAM immunity.
In summary, our findings for differential MCLV3p and flg22 signaling responses make the possibility of flg22 contamination of MCLV3 preparations unlikely and provide evidence for bacterial infection close to the SAM of clv3 mutants with compromised innate immunity as reported by Lee et al., (2011) . In future experiments, it will be interesting to unravel the molecular mechanisms of differential pathogen defense and tolerance in different plant organs and tissues, including the SAM.
METHODS Plant Materials and Growth Conditions
Columbia-0 (Col-0) and Ler were used as wildtype Arabidopsis thaliana plants in this study. The fls2 (Salk_141277) mutant is in Col-0 background (Shan et al., 2008) , and clv1-1, clv2-1, clv3-2, and fls2-24 are in Ler background (Koornneef et al., 1983; Clark et al., 1995; Gó mez-Gó mez and Boller, 2000) . For liquid culture of wild-type and mutant seedlings, seeds were germinated and grew in six-well plates containing 1 mL of liquid medium (0.5 3 Murashige and Skoog and 0.5% Suc, pH 5.8 adjusted with KOH). Ten seedlings were grown at 23˚C, 65% humidity, and 75 mmol m 22 s 21 light intensity under 12-hlight/12-h-dark photoperiod condition for 7 d (for quantitative RT-PCR [qRT-PCR]), 9 d (for seedling growth inhibition assay), or 14 d (for root growth inhibition assay). The seedling growth condition for bacterial infection assays is provided in detail below.
Peptides
Two independent batches of MCLV3p (12 amino acids, RTVPhSGPhDPLHH) were synthesized in different years at the MGH Peptide/Protein Core Facility (Charlestown, MA). Ph is Hyp. Peptides were synthesized on an automated peptide synthesizer (Model Apex 396; AAPPTEC) with Fmoc solid-phase chemistry using 2-(6-chloro-1-H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate in the presence of N-Ndiisopropylethylamine as an activator. Following the assembly of the peptide chain, the dried resins were cleaved and deprotected with cocktail containing 1% 3,6-dioxa-1,8-octanediol/2.5% deionized water/2.5% triisopropylsilane/94% trifluoroacetic acid (TFA) for 2 to 2.5 h at room temperature. Crude peptides were precipitated and washed twice in cold methyl tert-butyl ether. Precipitates were then dissolved in 20% acetonitrile/ 0.01% TFA in deionized water and freeze-dried. CLV3 peptides were purified on an Applied Biosystems micropreparative (0.1 to 2 mg of sample load; 0.4 mL flow rate) HPLC using a Vydac, C-18, 0.21 3 15-cm column and a linear gradient of 5 to 95% B (buffer A = 0.06% TFA in deionized water and buffer B = 0.05% TFA in 80% acetonitrile) in 9 min. Following each run, the HPLC sample loops and the columns were thoroughly flushed and a blank run was performed before the purification of the next sample.
Peptides were analyzed on a Beckman Coulter System Gold HPLC using a Vydac, reversephase C-18, 0.46 3 15-cm column. A 5 to 65% B (buffer A = 0.1% TFA in deionized water and buffer B = 0.1% TFA in acetonitrile) linear gradient with a flow of 1 mL/min in 30 min was used. The molecular weight of peptides was confirmed by MALDI-TOF MS on an Applied Biosystems Voyager DE instrument using a-cyano-4-hydroxycinnamic acid matrix.
Note: The first two batches of the 12-amino acid MCLV3p were synthesized 1 year apart at the MGH Endocrine Unit protein/peptide core facility that specializes in the synthesis of peptide hormones. The design of this core facility includes meticulous efforts to eliminate crosscontamination of peptides. For example, in an important study, the biological activity of an N-terminal 14-amino acid peptide of parathyroid hormone was confirmed to be free of any contamination with a longer 34-amino acid peptide (Shimizu et al., 2000) . The two batches of MCLV3p are free of flg22 or flg22-type contamination based on HPLC, MALDI-TOF MS, and peptide sequencing analyses. The further purified 12-amino acid MCLV3p shows consistent activity and higher efficacy in triggering characteristic immune response marker genes in an FLS2-dependent manner ( Figure 3A) . The third batch of the 12-amino acid MCLV3p was ordered from GenScript. Two independent batches of Tyr-MCLV3p were requested from Phoenix Pharmaceuticals. New batches of the 12-amino acid CLV3p and the 13-amino acid CLV3p were purchased from Biomatik. The 12--amino acid CLV3p used in this study is identical to the endogenous modified CLV3 peptide identified by in situ MALDI-TOF MS analysis (Kondo et al., 2006) , and the 13-amino acid CLV3p (RTVPhSGPhDPLHHH) contains an additional His residue at the C terminus without arabinosylation at the 7th Hyp residue (Ohyama et al., 2009 ). (Karas and Hillenkamp, 1988) analyses were performed on a Microflex instrument (Bruker Daltonics) that was operated at an accelerated voltage of 20 kV for detection of positive ions in linear mode. The superdihydroxybenzoic acid matrix (Sigma-Aldrich) consisting of a 9:1 mixture of 2,5-dihydroxybenzoic acid and 2-hydroxy-5-methoxybenzoic acid was used. The matrix solution (10 mg/mL) was prepared in 33% acetonitrile/0.1% TFA in water. Solutions of varying concentrations of pure CLV3p, pure flg22, and the mixture of these two peptides were prepared in Milli-Q water. We mixed 0.5 mL of matrix and 0.5 mL of sample solution aliquots directly on the spots of a ground steel target (Bruker Daltonics) and air dried at room temperature.
MALDI-TOF MS

MALDI-TOF-MS
Flg22 could be reliably detected in a mixture of 1 mM CLV3p and 1 mM flg22 in a 1:1000 ratio. Due to the use of linear mode of detection, masses observed were within 1 to 2 mass units of the calculated monoisotopic [M+H] + masses of 1344.65 for CLV3p and 2272.20 for flg22, respectively.
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The Plant Cell CLV3p. Under the same conditions of detection, flg22 contamination was not seen in the 1 mM solution of CLV3p.
qRT-PCR Analysis
Total RNA was isolated from Arabidopsis seedlings with TRIzol reagent (Invitrogen). First-strand cDNA was synthesized from 1 mg of total RNA with M-MLV reverse transcriptase (Promega). All qRT-PCR analyses were performed by CFX96 real-time PCR detection system with iQ SYBR green supermix (Bio-Rad). ACTIN2 (ACT2, At3g18780) was used as a control gene. For the assay of pH-dependent gene expression, 7-d-old seedlings were preincubated for 30 min in a 10-fold diluted citric acid-Na 2 HPO 4 buffer before adding peptides. A citric acidNa 2 HPO 4 buffer solution covers the wide range from pH 2.6 to 7.6 (information from the buffer reference center of Sigma-Aldrich).
Bacterial Infection Assay in the SAM and Confocal Microscopy
Nine seeds were sowed in 1 mL liquid medium (0.5 3 Murashige and Skoog and 0.5% Suc, pH 5.8 adjusted with KOH) in six-well plates and grown under constant light (50 to 65 mmol m 22 s 21 ) at 25 to 27˚C without shaking for 2 d. Several fresh colonies of Pst DC3000-GFP were inoculated in King's B liquid medium (50 mg/mL of rifampicin and 15 mg/mL of tetracyclin) with shaking at 28˚C. Overnight cultured Pst DC3000-GFP was washed twice with water and diluted to OD 600 = 0.02. Diluted Pst DC3000-GFP (50 mL) was added into 1 mL of liquid medium with 2-d-old seedlings. Plants and bacteria were cocultivated with gentle shaking (50 rpm) for 4 d under constant light.
For observation of bacteria-infected SAM with the membrane staining dye FM4-64 (Molecular Probes), cocultivated seedlings were washed with water twice without the ethanol wash step (Lee et al., 2011) . Seedlings were placed on a glass slide in several drops of water, and cotyledons, roots, and visible leaves were removed under a stereomicroscope (Wild M5A; Wild Heerbrugg) or using a magnifying glasses (OptiVISOR; Donegan Optical Company). Fine forceps (Fine Science Tools) were used to remove tissues but leave the area around the SAM intact (see Supplemental Figure 6 online). Then, prepared seedlings with intact shoot apex were stained in 18 mM FM4-64 for 5 min on the ice in the dark (Bolte et al., 2004) . FM4-64 dye was prepared in Hank's Balanced Salt Solution buffer without calcium, magnesium, and phenol red. Stained tissues were placed on a glass slide in 200 mL of 1 3 Hank's Balanced Salt Solution, and a cover slip was laid gently on top of the five to 10 seedlings. The cover slip was brought closer to the glass slide by removing the solution with Kimwipes (very gently squashed without pressing the cover slip). Intact SAM structures were visible in 30 to 33% of Ler and fls2-24 seedlings and 41 to 47% of clv1-1, clv2-1, and clv3-2. The SAM infected by Pst DC3000-GFP was only observed in clv3 and fls2 seedlings. For imaging analysis with the confocal laser scanning microscope (Leica TCS-NT), GFP and FM4-64 were excited with an air-cooled argon laser at 488 nm and fluorescence was detected at 510 to 540 nm (GFP) and 635 to 680 nm (FM4-64) .
For the quantitative PCR analysis of bacterial infection, diluted PstDc3000-GFP (OD 600 = 0.5, 50 mL) was cocultivated with wild-type or mutant seedlings for 4 d. After washing seedlings with 70% ethanol twice and rinsing them with water twice, 10 SAM tissues, after removing cotyledons, visible leaves, hypocotyl, and roots by a pair of fine forceps, were harvested and ground in 100 mL of water using a blue pestle and hand grinder (Sigma-Aldrich). Control experiments were conducted at 0 d after cocultivation (DAC) to determine nonspecific bacterial attachment 1 h after cocultivation. Bacterial growth was detected by DNA PCR using the specific GFP primers. The GFP PCR was normalized using the Arabidopsis ACT2 gene in the SAM tissues.
Paraffin Embedding and Scanning Electron Microscopy Analysis of Bacteria-Infected SAM Tissues
Two-day-old Ler and clv3 seedlings were infected with P. syringae pv tomato DC3000 for 4 d. Seedling samples were washed with 70% ethanol and rinsed with water twice. After removing visible roots, cotyledons, and true leaves, the SAM tissue samples were fixed in 4% (w/v) paraformaldehyde/ 4% (v/v) DMSO at 4˚C for overnight. Then, fixed samples were washed in phosphate buffer, pH 7.2, and passed through ethanol series (30, 50, 70 , and 80% for 1 h in each step) at 4˚C and stained with 0.1% Eosin Y (Sigma-Aldrich) in 95% ethanol at 4˚C for overnight. Ethanol was changed through histoclear series (75% ethanol: 25% histoclear, 50% ethanol: 50% histoclear, 25% ethanol: 75% histoclear, 100% histoclear, 100% histoclear for 1 h in each step at room temperature) (National Diagnostics). Histoclear was then gradually changed with melted paraffin (Fisher Scientific) in a 60˚C chamber. Replacement of freshly melted paraffin was performed for 4 d. Paraffin-embedded tissues were poured into the mold and adjusted in appropriated position. Section was performed with a rotary microtome (Leica RM2255) at 8-mm thickness.
Section ribbons of SAM tissues were placed to prewarm water on round cover glasses (diameter = 12 mm) coated with poly-L-Lys, and incubated on a slide warmer (Fisher Scientific) at 42˚C for overnight. After removing paraffin in the 100% histoclear for 10 min twice, the apical meristem cross sections attached to the cover glasses were postfixed in 4% paraformaldehyde/1% glutaraldehyde solution in phosphate buffer, pH 7.2, at 4˚C for overnight, then washed in phosphate buffer, pH 7.2, and dehydrated in ethanol series (30, 50, 70, 96 , and 100% for 15 min twice in each step). The cover glasses with apical meristem cross sections were dried at critical point in a Samdri-795 semiautomatic critical point dryer. The dried apical meristems were mounted on metal stubs (diameter =1.2 mm) and covered with 600A layer of chromium in a Gatan High Resolution Ion Beam Coater 681. The coated samples were analyzed under a JEOL 7401F scanning electron microscope.
Accession Numbers
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